Abstract The application of cervical esophagogastric anastomoses was of great concern. However, between circular stapler (CS) and hand-sewn (HS) methods with anastomosis in the neck, which one has better postoperative effects still puzzles surgeons. This study aims to systematically evaluate the effectiveness, security, practicality, and applicability of CS compared with the HS method for the esophagogastric anastomosis after esophageal resection. A systematic literature search, as well as other additional resources, was performed which was completed in January 2013. The relevant randomized controlled trials (RCTs) about the surgical technique for esophageal resection were included. Trial data was reviewed and extracted independently by two reviewers. The quality of the included studies was assessed by the recommended standards basing on Cochrane handbook 5.1.0, and the data was analyzed via RevMan 5 software (version 5.2.0). Nine studies with 870 patients were included. The results showed that in comparing HS to CS methods with cervical anastomosis, no significant differences were found in the risk of developing anastomotic leakages (relative risk (RR)=1.30, 95 % confidence intervals (CI) 0.87-1.92, p =0.20), as well as the anastomosis stricture (RR=0.97, 95 % CI 0.47-1.99, p =0.93), postoperative mortality (RR = 0.83, 95 % CI 0.43-1.58, p =0.57), blood loss (mean difference (MD)=39.68; 95 % CI −6.97, 86.33; p =0.10) and operative time (MD=18.05; 95 % CI −3.22, 39.33; p =0.10). However, the results also illustrated that the CS methods with cervical anastomosis might be less time-consuming and have shorter hospital stay and higher costs. Based upon this meta-analysis, there were no differences in the postoperative outcomes between HS and CS techniques. And the ideal technique of cervical esophagogastric anastomosis following esophagectomy remains under controversy.
Introduction
As esophageal cancer is the eighth most common malignancy around the world [1] , the mortality of esophageal cancer in China is the highest around the world according to the WHO [2, 3] . Staple with a circular stapler (CS) is regarded as a safe alternative to manual suturing in colonic, rectal [4] , and gastric anastomosis [5] , as well as esophagogastric anastomosis [6] . With the development of surgical techniques, many advances have been applied to the surgery of esophageal cancer in the past decade [7, 8] . Although lower rate of mortality has always been reported [9] [10] [11] , the postoperative complications are proven to be frequently common, which included anastomotic leakage and stricture. Among the factors leading to the higher mortality, anastomotic leakage plays an essential role, with the rate ranging from 0 to 41 % [12] . So, which modality surgeons should adopt is a question.
Recently, using a gastric tube for reconstruction after esophagectomy has been of great concern. Disagreement still exists, and they often focus on the technical modality of anastomosis, such as the hand-sewn or stapled methods [13, 14] . Compared with the hand-sewn (HS) method, the results from published randomized controlled trials (RCTs) showed that CS was considered to reduce the incidence of operative complications [15, 16] , but with a higher chance of anastomotic stricture [17, 18] .
Both HS and CS in cervical esophagogastrostomy are widely accepted procedure [19] [20] [21] . However, some debates still exist. Several previous systematic reviews on this topic [6, [22] [23] [24] concluded that the evidence was weak due to the clinical heterogeneity, such as different sites (cervical vs thoracic) and configurations (end to end vs end to side), which could not be strong enough to guide the clinical applications. The controversy concerning on cervical esophagogastric anastomoses was more obvious [6, 25] . To date, there were no systematic reviews or meta-analyses of the literature only focusing on cervical anastomosis (HS vs CS). Hence, in order to assess the comparison between HS and CS methods with cervical anastomoses, it is necessary and vital to carry out a meta-analysis on the basis of the preferred reporting items for systematic reviews and metaanalysis (PRISMA) [26] , as well as grade the quality of overall evidence on outcomes by the The Grading of Recommendations Assessment, Development and Evaluation (GRADE) [27] .
Methods

Literature Search
All relevant RCTs were included irrespective of blinding, sample size of patients randomized, or languages. The following electronic databases were searched limitedly from their inception to January 2013, which included PubMed, EMBASE, ISI Web of Knowledge, the Cochrane Library, Chinese Biomedical Literature Database (CBM), Chinese Journal Full-text Database (CNKI), Chinese Science and Technology Periodicals Database (VIP), and WangFang database.
By using medical subject headings (MeSH) terms combined with free text terms, the search items were as follows: esophageal carcinoma, esophagogastomy, anastomosis, esophagogastric anastomosis, oesophagogastric anastomosis, leakage, cervical, hand-sewn, manual, staple, mechanical, etc.
We performed an additional search to Google Scholar. All search strategies were determined eventually after numerous pre-searches.
Study Selection
The duplicates were removed using EndNote X5 software. The reviews, comments, letters, and case reports were excluded after screening initially the titles and abstracts. Finally, the eligible trials were identified through reading the full text. Only when agreed by both of two reviewers would one trial be included in this study. Disagreements were resolved through discussions. When faced with studies reported by the same institution or the same authors from one trial, the one with higher quality or latest publication would be included.
Data Extraction
Two reviewers independently extracted the following data: titles, years of publication, country and district, years of study, study design, interventions, no. of patients and their characteristics, methodological quality, and primary and secondary outcomes.
The primary outcomes were as follows: anastomotic leakage ((1) egress through the drains of intestinal fluids or orally ingested methylene blue, (2) sodium diatrizoate swallow performed either routinely between days 3 and 8 or because of signs of leakage, or (3) repeat operation or autopsy); anastomotic strictures (within 180 days through endoscopy); and postoperative mortality (within 30 days after operation).
The secondary outcomes were as follows: operative time (minutes), blood loss (milliliters), time of anastomosis (minutes), hospital stay (days), and the costs.
Criteria for Inclusion and Exclusion
We included these studies into meta-analysis if they met all the following inclusion criteria:
1. The RCTs irrespective of blinding used or not 2. Hand-sewn versus stapled esophagogastric anastomosis in the neck 3. The patients were undergoing esophagogastomy.
The following are the exclusion criteria:
1. The studies were conducted in children (less than 18 years old).
Patients with serious internal organs diseases or infection diseases
Assessment of Methodological Quality of Included Studies
According to the criteria stated in The Cochrane Collaboration Handbook, the quality items assessed were sequence generation, allocation concealment, blinding of participants, personnel and outcome assessors, incomplete outcome data, selective outcome reporting, and other sources of bias. We assigned a label of "yes," "unclear," or "no" to estimate risk of bias, and each study was signed three quality grades including A (low risk of bias), B (moderate risk of bias), and C (high risk of bias). The results would be presented in both a graph of risk of bias and a summary section of risk of bias. All main outcomes were performed through using GRADEpro (http://ims.cochrane.org/revman/other-resources/ gradepro, version 3.6) [28] . As is known, RCTs are regarded as high-quality evidence unless they are limited by serious defects of bias due to the impact on study quality, inconsistency, indirectness, imprecise or sparse data, or high probability of reporting bias [29] . If any of the items mentioned above existed, the rating quality of evidence grade could be downgraded to moderate, low, or very low [30] .
Statistical Methods
The statistical analysis was performed, and the forest plots were generated using the Review Manager 5 (version 5.2.0) software. The relative risk (RR) was calculated along with its 95 % confidence intervals (CIs) for binary outcomes and mean difference (MD) for continuous outcomes. Statistical heterogeneity between studies was assessed by means of chi-square, and the extent of inconsistency was assessed by the I 2 statistic [30] . If I 2 <50 %, we used the fixed-effects model, and the random-effects model was chosen with I 2 >50 %. Descriptive techniques were used when clinical heterogeneity existed and also when no data could be used in statistical analysis. The stability of outcomes was tested by sensitivity analysis if necessary.
Results
Selected Studies
Our initial search strategies yielded 694 potential articles, and there were 514 records after duplicates. Of which, 55 records were selected through reading their titles and abstracts. After checking the full text in detail, nine RCTs [16, 17, 25, [31] [32] [33] [34] [35] [36] were identified ultimately which involved 870 patients. Figure 1 shows PRISMA statement of search flows in detail.
Baseline Characteristics and Risk of Bias of Included Studies
Of these nine RCTs [16, 17, 25, [31] [32] [33] [34] [35] [36] , six papers [16, 17, 25, [32] [33] [34] were conducted in English, one [31] in French, and Studies included in qualitative synthesis (n = 9)
Studies included in quantitative synthesis (meta-analysis) (n =9) two in Chinese [35, 36] . The baseline characteristics of these nine studies are presented in Table 1 . Table 2 demonstrated the risk of bias of included studies.
The Results of Meta-analysis
Outcomes on the Effectiveness Anastomotic Leakages Nine trials [16, 17, 25, [31] [32] [33] [34] [35] [36] reported on anastomotic leakages (p het =0.10, I 2 =40 %); the fixed model was used, and the available data showed that there was no difference in the incidence of anastomotic leakages (RR=1.30, 95 % CI 0.87-1.92, p =0.20). It meant that both HS and CS were equivalent in preventing the leakages. According to the GRADE system, the quality of evidence on anastomotic leakages was moderate (Table 3) .
Outcomes on the Security
Anastomotic Stricture Eight trials [16, 17, 25, 31, [33] [34] [35] [36] reported on anastomotic stricture (p het =0.008, I
2 =63 %); the random model was conducted. It had no benefit in the incidence of anastomotic stricture between the two groups (RR=0.97, 95 % CI 0.47-1.99, p =0.93). The quality of evidence on anastomotic stricture was moderate (Table 3) .
Postoperative Mortality Six trials [16, 17, 25, 31, 33, 34] reported on postoperative mortality (p het =0.65, I
2 =0 %); the fixed model was used, and the result showed that no difference was found in the rate of postoperative mortality (RR=0.83, 95 % CI 0.43-1.58, p =0.57). The GRADE system showed that the quality on postoperative mortality was moderate.
Outcomes on the Practicality
Blood Loss Three trials [16, 17, 34] reported on blood loss (p het =0.54, I 2 =0 %); the fixed model was chosen. There was no significant difference in blood loss (MD=39.68; 95 % CI −6.97, 86.33; p =0.10). The quality on blood loss was low, basing on the GRADE system.
Operative Time Four trials [16, 17, 33, 34] reported on operative time (p het =0.0002, I
2 =85 %); the random model was chosen. No difference was found between HS and CS methods (MD= 18.05; 95 % CI −3.22, 39.33; p =0.10). From the GRADE, we considered that the quality on operative time was low.
Time of Anastomosis Of the included studies, three trials [33] [34] [35] reported on total time of anastomosis. Due to the high risk of heterogeneity (p het <0.00001, I
2 =100 %), descriptive techniques were used. Cai [35] reported that there was a significant difference between HS and CS (60±12 vs 25±5, p <0.05); Laterza et al. [25] also drew the conclusion that Hospital Stay Four trials [32] [33] [34] [35] reported on hospital stay. Also, because of the considerable heterogeneity (p <0.00001, I
2 =96 %), the descriptive techniques were conducted. Only one study [35] concluded that there was no difference in hospital stay, and it meant that the patients with HS had longer hospital stay than those with CS (23±11 vs 12±8, p <0.05). However, the discordant results were found in the other three trials (p >0.05) [32] [33] [34] .
Outcome on the Applicability
Costs Only two studies [17, 34] reported on suture costs. One study [17] concluded that the HS technique was less costly compared with CS (HS, $3.80; CS, $192.00). And the other study [34] also suggested that HS anastomosis is considerably cheaper (HS, INR220; CS, INR17000).
Discussion
Summary of the Current Researches
As the basic component of esophageal resection, anastomosis is still the key procedure to prevent the postoperative complications. Both HS and CS methods are fashioned in conducting the esophagogastric anastomosis in the past two decades [37] . Several retrospective studies [6, 22, 38] , as well as firm evidence from relevant RCTs, have showed that both of them were safe. Meanwhile, with higher costs [17, 34] and being less time-consuming [25, 35] , the CS method was associated with higher stricture rate related to high mortality. However, the recent conclusions from certain clinical trials are controversial. The aim of this study is to objectively evaluate the effectiveness, security, practicality, and applicability between the HS and CS methods.
Summary of Included Studies
Nine RCTs [16, 17, 25, [31] [32] [33] [34] [35] [36] with 870 patients were identified ultimately, which were published from the year 1991 to 2012 and a Because of the nature of the surgery trials, it was difficult to perform blinding except blinding of the statistician; allocation concealment was unclear in 44.4 % of included studies b Small sample size and number of events provided. Additionally, the 95 % CI around the pooled effect was wide were conducted in Asia (Hong Kong, Thailand, Tai Wan, Japan, China, and India) and Europe (UK and France). All of them focused on the comparison between HS and CS methods with anastomosis in the neck. When it comes to the surgeons' management, all of included studies had been performed in single center, and four included studies [17, 25, 33, 34] reported clearly the adjuvant therapy, such as pre-/postoperative radiation and chemotherapy. The criteria of all the outcomes were similar in included studies. All of the included studies had random allocation sequences, and the clear descriptions on the methods of randomization were only seen in one study [25] , which had adequate allocation concealment with blind envelops. Because of the inherent methodological property of the surgery trials, it was difficult to perform blinding except blinding of the statistician. Other items were all unclear in included studies ( Table 2 ).
Summary of the Results from the Present Meta-analysis
This study revealed the following important findings: first, there was no significant difference in the risk of developing anastomotic leakages between HS and CS methods with cervical anastomosis, as well as the anastomosis stricture, postoperative mortality, blood loss, and operative time. All of the results could arouse that both the HS and CS methods with cervical anastomosis had equal effects. However, the weak evidence from the descriptive techniques illustrated that the CS method with cervical anastomosis might be less timeconsuming, have shorter hospital stay, and higher costs. The quality on outcomes of meta-analysis was moderate to low, the downgrade reason being that it was difficult to perform blinding except blinding of the statistician, and also small sample size and small number of events were provided in the included studies. Meanwhile, the 95 % CI around the pooled effects was wide.
Summary of the Interpretations
Obviously, the cause of an esophageal anastomotic leakage is multifactorial [17] . Apart from local tissue and systemic factors, the inherent properties of the esophagus were supposed to contribute to the risk of leakage, which included the properties of no serosa and also with poor sutures due to lack of longitudinal muscles. So, surgical techniques (HS and CS methods) need to be identified to play an important role in decreasing the postoperative complications.
The CS method was advocated as the preferred method which was perhaps more uniform and less operator-dependent [17] . But our study showed that the HS method was also safe on leakages. Although more stricture formation was confirmed apparently in the current RCTs, our findings illustrated the similar rate of the stricture formation between the two methods with cervical anastomosis. Furthermore, the previous systematic reviews [24] concluded that the CS method was more likely to be associated with postoperative mortality. And our finding also implied that there had been a trend on postoperative mortality in the CS method group (HS, 5.5 %; CS, 6.6 %), but no significant difference was found.
The reasons why stricture formation was frequently seen in the CS group remain worthy of discussion. Firstly, the accurate mucosa-to-mucosa apposition might play a key role because the lack of it would result in excessive fibrosis and stricture formation due to tissue necrosis beyond the stapler line, inflammation, and delayed epithelialization. Secondly, the tension of anastomosis also plays an important role in stricture formation. In order to eliminate tension of anastomosis, a continuous single-layer suture offers coaptation with less risk of tissue strangulation than the CS method or a two-layered HS technique [17] . Thirdly, the esophageal size might be an important factor [16] . And among the included studies, the size of <30 mm was regarded as having an association with incidence of anastomotic stricture in each anastomotic technique [16, 17] . And the subgroup analysis (size ≤25 mm CS vs HS methods) in the previous study [24] also confirms this important factor. Fourthly, anastomotic configuration (end to end, end to side, and side to side) might be also an important factor. And the difference on anastomotic stricture between end to side and end to end was illustrated in the latest RCT [13] and clinical series [39] , and these concluded that endto-side anastomosis is associated with a lower anastomotic stricture rate compared to end-to-end anastomosis.
Meanwhile, the surgical skill varied from different individuals. And all results of this study might be the influence of a learning curve for the operators [40] . Even the learning curve for the creation of the HS method anastomosis was not clearly defined among the included studies.
Summary of Limitations
As for the limitation, the results of the present study should be interpreted with a level of caution because, probably, the number of RCTs included to support firm conclusions was too small. And also the subgroup analyses focusing on the suture material and layers were ignored due to the small number of RCTs included, because it might exaggerate the effects and draw false conclusion if subgroup analysis were done frequently. Furthermore, surgical experience and volumes would impact the outcomes. Other limitations were that although we developed a detailed search strategy, there is still further research that can be undertaken.
Conclusion
Based upon this meta-analysis, the current evidence showed that both HS and CS methods with cervical anastomosis were alternative. And the weak evidence proved that less time of anastomosis was spent in the CS method group, and the cheaper costs were seen in the HS method group. In short, CS could be used as an alternative method for esophagogastric anastomosis in the neck because it is easier and less operatordependent to apply, but it should not always be regarded as the first choice.
